ABSTRACT. Lake wander is described as a new mechanism for surface lowerin g of ice-cored moraines. Evidence is provided from Flanders Moraine, Vestfold Hills, Antarctica (Iat. 68° 38' S., long. 78° 12' E.). L. akes wander when steep ice scarps retreat due to collapse and melt. Rates of wander are c. 
INTRODUCTION
Rates and mechanisms of lowering of moraines and debris-covered ice have been described from ma ny glaciated areas of the world. Mechanisms proposed include ablation of the ice below the debri s mantle (0strem, 1959, 1964) , direct melting of exposed ice (10hnson, 197 I) , melting beneath lakes (Driscoll, 1980) , geothermal heating (Driscoll, 1980) , melting of ice by running water (Watson, 1980) , development of large cracks in the ice (Johnson, 1971) , steps along shear planes (Johnson, 1971) , mudflows of the silty unconsolidated moraine veneer (Johnson, 1971) , development of kettle holes (Johnson. 1971) , and combinations of two or more of these (D ri scoll, 1980) . A new mechanism-wandering lakes-is described here and evidence is provided from Antarctica.
LAKE WANDERING ON FLANDERS MORAINE
Three lakes (Fig. I ) on a stagnant ice-cored moraine, Flanders Moraine. in the south -east of the Vestfold Hills, Antarctica (lat. 68° 38 ' S. , long 78° 12' E.), show lateral movement which has been measured for two lakes (Table J) and inferred for the third from nested arcs of lake-floor sedim ent (Fig. I) . The lakes occur in low points on the surface of the moraine, and as they wander across its surface. they inevitabl y co nsum e hi gher ice. Wa nd er occ urs as a rcs ult of th e rapid rc trea t of icc lo pes o n shores th at are too steep to support a stable mantl e of insul atin g till . and by th e coll apse of near-vc rti cal ice cli rrs afte r form ati on of th erm o-erosional ni c hes at wa ter level. In Pelite a nd C resce nt Lakes. movement is occ urrin g on th e side where th e bank is stee pes t, leaving behind a gentl y slo ping ba nk of lake-fl oor sediments. T his implies th at the lakes do not necessaril y deepen as they wa nder.
Crescent La ke has lowered its bed by at least 20 m durin g a lateral movement of c. 500 m. leavi ng behind descending arc uate steps of lac ustrine sediment th ic k enough to in sul ate the und erl yi ng ice. Eac h tread proba bl y represe nts a temporaril y table stage in th e lake separated by rath er sudden lowerin gs of wa ter level. The wa ter level in Pelite Lake fe ll suddenl y by 4 m over I wee k in th e austral summ er 1980-8 1 when a low point in th e la ke margin was breached. However. suffi cient water remain ed in th e lake to ensure it s continu ed lateral movement. Such events may also drain ice-based lakes completely: one sma ll lake near C rys ta l Pond was drained co mpl etely betwee n 1958 and 1979 . Several lakes o uth -east or Pelite Lake drained co mpletely between 1979 and 198 1, probabl y when Pelite Lake parti all y dra in ed . Locali zed elevated pa tches of lac ustrine sediments on th e surface of Fl anders Mo raine show th e fo rmer presence of lakes and relief in version as the well -in sul ated la ke fl oors become elevated surfaces.
JOURNAL OF GLACIOLOGY RATES OF LOWERING DUE TO LAKE WANDERING
Lakes with an area > I ha occupy a minimum of 14 ha or c. 7% of the 208 ha of Flanders Moraine. Adding the smaller lakes and innumerable ponds would probably raise the figure to c. IS-20% . If these lakes are as mobile as Pelite Lake and Crystal Pond, i.e. change by SO% in 20 years, then the entire surface of the moraine will be affected in c. 200 years. The average depth of the lakes is unknown but it is certainly more than S m and probably more than 10 m. Taking an average depth of 10 m, the entire moraine would be lowered by this amount in 200 years, i.e. c. 0.05 m year -I. If we include lowering due to other causes: creek melt, direct ablation below debris, etc., then the rate may well double.
Crude confirmation of these calculations comes from observed rates of scarp retreat on Flanders
Moraine. Pickard (in press) found total retreat of c. 2 m year -I for Pelite Lake and Crystal Pond after 9 weeks monitoring at 35 sites. This is very similar to the 20-year rate determined from air photograph interpretation (Table I) . Crescent Lake has moved c. SOO m and has lowered the surface 20 m in its path.
At 2 m year -I, this lateral movement would take c. 2S0 years, which is consistent with the calculation above. Flanders Moraine is probably a relict from the Chelnok Glaciation (Adamson and Pickard, in press), when ice surged northward from S0rsdal Glacier. Other evidence suggests that this occurred between I 000 and 2 000 years ago. The ice covered the highest hills (160 m a.s.l.) in the south -eastern corner of the Vestfold Hills. Taking 200 m as the minimum altitude of the ice surface implies that c. 60 m has melted. At a linear rate of O.OS m year -I, this gives a minimum age of I 200 years for the Chelnok Glaciation . This is consistent with the age suggested by Adamson and Pickard (in press).
DISCUSSION
Over most of the area of Flanders Moraine, the ice is protected from rapid melting by 1-3 m of till which forms a substantial insulating layer. One of the important effects of lake wander is to di sturb thi s insulating layer of till and to expose the underlying ice to direct insolation, to flowing melt water, and to lake water. The lakes are laterally mobile hot spots which locally accelerate melting of the stagnant ice as they wander across its surface. Comparison with results from elsewhere is difficult because of differences in climate and techniques used. Even so, the various rates are of the same order (Table 11) .
Driscoll (I 980) discussed surface lowering of moraines on Klutlan Glacier due to lakes but proposed deepening rather than wandering as a mechanism . Watson (1980) described collapse of ice cliffs into lakes on the same moraines but also failed to mention wander as a mechanism. For S months each summ er thc mean daily temperature of Klutlan Glacier is above zero, and the mean minimum is above zero for 3 months (Driscoll, 1980) . This is considerably warmer than Flanders Moraine (Burton and Campbell. 1980) ; consequently the rate of lake wander on Klutlan Glacier would be more rapid. Possibly, shear zones 
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in the ice of the Klutlan Glacier moraines wou ld effective ly prevent lakes wanderin g grea t dis tance, as the y wou ld drain alo ng the shea r zo nes. Surface lowerin g is usuall y th e res ult of a combi nation of processes. Partiti o n bet wee n these proccsses is not possible except in favourable circum stances. Driscoll ( 1980) has attempted to quantify th e com ponent of lowering due to different pr occsses but most stu dies do not. T hi s is due partiall y to th e diffi c ult cl im ates of such areas but also to very rea l problem s of experim ent al desig n. On any onc moraine. the dOlllinant proce ss pro babl y changes over eac h melt ea on. I t wi ll also vary o n a dai ly ba sis and du e to wea th er cha nges. Under these co nditi on . . acc urate app orti onin g o f co ntribution is we ll ni gh imIX)ssihlc. Wh ere lake s ex ist o n ice-co red mor ain cs. the y should be rega rded as a potenti all y I'a pid mechan ism I' or surface lowering. L ake wa nder is less susceptible to th e vagaries o f wea ther chan ges and can cl'en proceed ove r w inter.
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